Dear Editor, Glyphosate (N-phosphonomethyl glycine) is an organophosphorus compound that is commonly used as a broad-spectrum herbicide in Asian countries.
Glyphosate intoxication presents clinically with gastrointestinal discomfort, liver or kidney dysfunction, cardiopulmonary instability, and altered consciousness. Around one-fifth of patients suffering from glyphosate intoxication reportedly present with altered consciousness, 1 but few brain MRI findings for patients with glyphosate intoxication have been reported. 3 Here we present a patient with bilateral hippocampal and fornical lesions after ingesting glyphosate herbicide.
A 34-year-old man was admitted to the hospital in a drowsy state with difficulty breathing and swallowing. He had ingested an unknown amount of glyphosate herbicide in a suicide attempt just prior to admission. On hospital day 1 he developed oliguria and metabolic acidosis with progressive renal failure. He underwent urgent hemodialysis, which markedly improved his clinical status. On hospital day 2 he was conscious and alert, but complained about memory problems. The findings of neurological examinations of the cranial nerves and upper and lower extremities were normal. Diffusion-weighted imaging (DWI) on hospital day 10 revealed hyperintense lesions in the bilateral hippocampi with corresponding hyperintense signals on the apparent diffusion coefficient (ADC) map, which is considered to be the T2-"shine-through" effect ( Fig. 1A and B ). T2-weighted imaging (T2WI) ( We performed detailed neuropsychological tests on hospital day 12. The patient had received 14 years of education, and he scored 22/30 on the Mini Mental State Examination (MMSE), missing all three words on recall (0/3). Neuropsychological testing revealed impaired memory and executive function. Follow-up T2WI (Fig. 1G ) and FLAIR imaging ( Fig. 1H and I ) performed 14 months later showed isosignal intensities in the bilateral hippocampi and fornices. Follow-up neuropsychological tests performed about 3 years later showed significant improvements in both memory and executive function, with him scoring 28/30 on the MMSE, missing one word on recall (2/3).
Brain MRI showed bilateral hippocampal and fornical lesions in the present case. These structures are an important part of the Papez circuit and are required for emotion and memory. 4, 5 There is only one previous report on the use of brain MRI to investigate glyphosate-induced encephalopathy, which revealed a small hyperintense lesion in the left hippocampus in DWI with a corresponding low-signal focus on the ADC map. 3 Unlike the previous case showing a unilateral hippocampal infarction, 3 brain MRI in our patient revealed hyperintense lesions in the bilateral hippocampi and fornices, and to the best of our knowledge their involvement in glyphosate intoxication has not been reported previously.
Previous studies have demonstrated that glutamate-mediated excitotoxicity might be one of the mechanisms underlying glyphosate-induced encephalopathy. 2 Specifically, exposure to glyphosate increases calcium influx through NMDA receptors and voltage-dependent calcium channels, leading to neuronal cell death, especially in the hippocampus. 2 The differential diagnosis of hippocampal hyperintense lesions in DWI includes acute ischemic stroke, transient global amnesia, seizure, limbic encephalitis, and hypoxic encephalopathy. 6 Our patient developed encephalopathy after ingesting glyphosate herbicide, and this temporal relationship supports the diagnosis of glyphosate-induced encephalopathy.
In conclusion, the present case shows that glyphosate can cause reversible neurotoxicity to the hippocampus and fornix, and that brain DWI may be useful in detecting glyphosate-induced encephalopathy, especially in cases of memory impairment after glyphosate intoxication. 
